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LIQUID CRYSTAL LIGHT DEFLECTOR

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority from Korean Patent
Application No. 10-2016-0149564, filed on Nov. 10, 2016,
in the Korean Intellectual Property Oflice, the disclosure of
which 1s incorporated herein in 1ts entirety by reference.

BACKGROUND

1. Field

Apparatuses consistent with exemplary embodiments
relate to liquad crystal light deflectors of a display apparatus.

2. Description of the Related Art

In the current information age, the demand for displays of
various types has increased. Light deflectors that change a
travelling direction of light have been typically manufac-
tured to 1include optical devices, such as lenses or mirrors. In
such cases, the volume of the light deflector 1s large and a
speed ol a change of angle of the light 1s limited. Therefore,
studies have been conducted regarding light deflectors that
use a light deflection panel that changes a travelling direc-
tion of light based on an electrical signal. Such a light
deflector may be used for a display apparatus that displays
a 2D 1mage, a 3D image, or a holographic image.

A holographic display apparatus displays a three-dimen-
sional 1mage by sending a transformed image signal to both
eyes of a user by using an optical system after first trans-
forming a general 1mage signal into a holographic 1image
signal. A light deflector 1s used to deflect an 1mage to the
eyes of the user. The light deflector may change the travel-
ling direction of light based on an electrical signal.

The light deflector may include a microelectromechanical
system (MEMS) scanner, a galvanic mirror, a linear spatial
light modulator (SLM), and a liquid crystal light detlector.
Of these light deflectors, a liquid crystal light deflector 1s a
small-sized light detlector.

However, related art light deflectors provide only a small
deflection angle of light.

SUMMARY

One or more exemplary embodiments may provide slim
and small sized liqud crystal light deflectors configured to

change phase.

Additional exemplary aspects and advantages will be set
forth 1in part in the description which follows and, 1n part,
will be apparent from the description, or may be learned by
practice of the presented exemplary embodiments.

According to an aspect of an exemplary embodiment, a
liquad crystal light deflector includes: a first electrode layer
including a plurality of pattern electrodes arranged with a
constant pitch 1n a first direction on a first substrate; a first
alignment layer that covers the first electrode layer and has
a plurality of concave portions formed in an upper surface
thereol 1n parallel to a second direction perpendicular to the
first direction; a liquid crystal layer including a plurality of
liquid crystal molecules each having a long diameter sub-
stantially parallel to the concave portions on the first align-
ment layer; a second electrode layer disposed on the liquid
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crystal layer, wherein the second electrode 1s a common
clectrode; and a second substrate disposed on the second
clectrode layer.

The first electrode layer may include a plurality of elec-
trode units, wherein each of the electrode units includes n
pattern electrodes including an 1, pattern electrode which 1s
clectrically connected to the 1,, pattern electrode of each of
the plurality of electrode units.

The n may be 720 or 1024, and a number of the electrode
units may be i a range from 7 to 10.

The liquid crystal light deflector may further include n
line electrodes including an 1,, line electrode which electri-
cally connects the 1, pattern electrode of each electrode
units.

The n line electrodes may be arranged 1n parallel to the
second direction.

The liquid crystal light deflector may further include n
clectrode pads. One of the 1,, pattern electrodes may include
an extension unit and the extension unit may be electrically
connected to a corresponding electrode pad of the n elec-
trode pads.

The n electrode pads may be spaced at substantially
equidistant intervals.

The liquid crystal light deflector may further include: an
insulating layer disposed on the pattern electrodes; first via
holes formed 1n the insulating layer in positions respectively
corresponding to positions of the 1, pattern electrodes of
cach of the electrode units. A via metal may fill each of the
plurality of via holes, and the 1, line electrode may be
disposed on the insulating layer and may be connected to the
via metal.

The msulating layer may cover the n electrode pads, and
a plurality of second via holes may be formed in the
insulating layer in positions respectively corresponding to
positions of the n electrode pads, and the n electrode pads
may be electrically connected to a driving integrated circuit
(IC) through the plurality of second via holes.

The liquid crystal light deflector may further include a
second alignment layer disposed on a surface of the second
clectrode layer facing the first substrate. The second align-
ment layer may include a plurality of concave portions
formed therein, wherein the plurality of concave portions
may extend parallel to the second direction.

Each of the n pattern electrodes may have a substantially
same width.

The liquid crystal molecules may be positive liquid crys-
tal molecules, and the liquid crystal molecules may move
into an orientation in which the long diameter 1s oriented 1n
a direction substantially normal vertical to a plane of the first
substrate according to a voltage applied to the pattern
clectrodes.

In the liquid crystal layer, a voltage applied to the pattern
clectrodes forms an optical path conversion surface which
controls an output direction of a laser beam incident onto the
first electrode layer.

BRIEF DESCRIPTION OF THE DRAWINGS

These and/or other exemplary aspects and advantages will
become apparent and more readily appreciated from the
following description of the exemplary embodiments, taken
in conjunction with the accompanying drawings in which:

FIG. 1 1s a schematic cross-sectional view of a liquid
crystal light deflector according to an exemplary embodi-
ment;
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FIG. 2 1s a side cross-sectional view schematically show-
ing a structure of a first alignment layer of the liquid crystal

light detlector of FIG. 1, according to an exemplary embodi-
ment,

FIG. 3 1s a schematic cross-sectional view for explaining
an operation of a liquid crystal light deflector according to
an exemplary embodiment;

FIG. 4 1s a plan view showing an arrangement of pattern
clectrodes of a first electrode layer of a liquid crystal light
deflector according to an exemplary embodiment; and

FIGS. SA through SE are cross-sectional views ifor
explaiming a method of connecting electrode patterns and
clectrode pads of a liquid crystal light deflector according to
an exemplary embodiment.

DETAILED DESCRIPTION

Reference will now be made in detaill to exemplary

embodiments which are illustrated 1n the accompanying
drawings. In the drawings, thicknesses of layers and regions
may be exaggerated for clarification of the specification. The
example embodiments of the inventive concept are capable
of various modifications and may be embodied 1n many
different forms.
It will be understood that when an element or layer 1s
referred to as being “on” or “above’ another element or layer
may include when an element or a layer 1s directly or
indirectly on the other element or layer.

FIG. 1 1s a schematic cross-sectional view of a liquid
crystal light deflector 100 according to an exemplary
embodiment.

Referring to FIG. 1, the liquid crystal light detlector 100
may include a first substrate 110 and a second substrate 160
disposed 1n parallel to each other and facing each other. A
first electrode layer 120 1s formed on the first substrate 110
and a second electrode layer 170 1s formed on the second
substrate 160. The first electrode layer 120 and the second
clectrode layer 170 face each other. The first substrate 110
and the second substrate 160 may be 1nsulating substrates.
The first substrate 110 and the second substrate 160 may
cach include glass or plastic.

The first electrode layer 120 may include a plurality of

pattern electrodes 121. The pattern electrodes 121 may be
arranged 1n parallel. The pattern electrodes 121 may be
arranged 1n a {irst direction (an x direction) with a constant
pitch P. For example, the pitch P of the pattern electrodes
121 may be approximately 2 um. Since the pitch P 1s
comparatively small, a light deflection angle of the liqud
crystal light deflector 100 may be increased. The pattern
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clectrodes 121 may each have the same width. The width of 50

cach of the pattern electrodes 121 may be approximately 1.5
um, as measured 1n the x direction, as shown in FIG. 1, and
a length of each the pattern electrodes 121 may be approxi-
mately 14 mm, as measured in the vy direction, as shown in
FIG. 1. The first electrode layer 120 may include, for
example, 7,200 pattern electrodes 121. In FIG. 1, 6 pattern
clectrodes 121 are depicted for convenience of explanation.
The pattern electrodes 121 are arranged such that the length
direction thereof i1s oriented parallel to the second direction
(the y direction).

The pattern electrodes 121 may include a transparent
conductive material. For example, the pattern electrodes 121
may include indium-tin-oxide (ITO), ndium-zinc-oxide
(IZ0), or indium-tin-zinc-oxide (ITZO).

The second electrode layer 170 may be a flat type com-
mon electrode. However, the current exemplary embodi-
ment 1s not limited thereto. For example, the second elec-
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trode layer 170 may include a plurality of pattern electrodes
similar to the first electrode layer 120. In this case, the same
voltage may be applied to each of the pattern electrodes of
the second electrode layer 170. The second electrode layer
170 may include a transparent conductive material similar to
the first electrode layer 120.

A first alignment layer 130 covering the first electrode
layer 120 may be disposed on the first substrate 110. FIG. 2
1s a side cross-sectional view schematically showing a
structure of the first alignment layer 130 of the liquid crystal
light deflector 100 of FIG. 1, according to an exemplary
embodiment. Concave portions 132 are arranged on an
upper surface of the first alignment layer 130 such that the
length direction thereof 1s oriented parallel to the first
direction (the x direction). The concave portions 132 are
arranged such that their lengths are substantially perpen-
dicular to the lengths of the pattern electrodes 121. The
concave portions 132 may have a semi-circular shape and
may have a diameter R of approximately a few hundreds of
L.
A liquid crystal layer 150 including liquid crystal mol-
ecules 152 1s arranged on the first alignment layer 130. Long
diameters of the liquid crystal molecules 152 are aligned 1n
the first direction (the x direction). In FIG. 1, approximately
two liquid crystal molecules 152 are arranged in the first
direction (the x direction), per pitch P, for convemence of
drawing. However, a plurality of the liquid crystal molecules
152 may be arranged in the first direction per each pitch
measurement.

A second alignment layer 180 may be formed between the
liquid crystal layer 150 and the second electrode layer 170.
Concave portions, like the concave portions 132 of the first
alignment layer 130, may be formed on a surface of the
second alignment layer 180 that contacts the liquid crystal
layer 150. The concave portions of the second alignment
layer 180 may be formed with a direction of their length
oriented 1n the first direction (the x direction). The concave
portions of the second alignment layer 180 may be thus
formed 1n the x direction substantially perpendicular to the
lengths of the pattern electrodes 121 of the first electrode
layer 120.

The first alignment layer 130 and the second alignment
layer 180 may include polyimide.

A plurality of spacer balls (not shown) may be disposed
between the first alignment layer 130 and the second align-
ment layer 180. The spacer balls may each have a diameter
in a range from about 2.5 um to about 3 um. The spacer balls
maintain a constant distance between the first alignment
layer 130 and the second alignment layer 180. The spacer
balls may include a polymer matenal.

The liquid crystal molecules 152 may be positive liquid
crystal molecules. When a predetermined voltage 1s applied
between the pattern electrodes 121 of the first electrode layer
120 and the second electrode layer 170 after the positive
liquid crystal molecules become arranged 1n the x direction,
substantially perpendicular to the length direction of the
pattern electrodes 121, according to a magnitude of the
applied voltage, positions of the liquid crystal molecules 152
are changed to be substantially perpendicular to the first
substrate 110. Accordingly, a phase modulation occurs 1n
light incident onto the first electrode layer 120.

The liquid crystal light deflector 100 according to the
current exemplary embodiment uses pattern electrodes hav-
ing a comparatively small width, and therefore, the liquid
crystal layer may be thin, thereby having a slim and small
S1Z€.
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FIG. 3 1s a schematic cross-sectional view for explaining
an operation of a liquid crystal light deflector according to
an exemplary embodiment Like reference numerals are used
to indicate elements that are substantially identical to the
clements of FIG. 1, and thus the detailed description thereof
will not be repeated.

In FIG. 3, first through fourth pattern electrodes PE1
through PE4 of the liqud crystal light detflector 100 are
depicted as disposed on the first substrate 110 for conve-
nience ol explanation. The first through fourth pattern elec-
trodes PE1 through PE4 represent four consecutively dis-
posed pattern electrodes 121. An electric field 1s formed in
a corresponding pattern electrode region by a difference of
voltage applied between each of the first through fourth
pattern electrodes PE1 through PE4 and the common elec-
trode 170. When a ground voltage 1s applied to the common
clectrode 170 and OV 1s applied to the first pattern electrode
PE1, the liquid crystal molecules 152 may be arranged 1n the
concave portions 132, substantially parallel to the first
substrate. That 1s, when 0V 1s applied to the first pattern
clectrode PE1, the liquid crystal molecules 152 may not
move and the immitial arrangement thercol may be main-
tained.

As the voltage (hereinaftter, a first applied voltage) applied
to the pattern electrodes 121 1s increased, the liquid crystal
molecules 152 move to be aligned 1 a direction substan-
tially perpendicular to the first substrate 110. When the first
applied voltage reaches a critical voltage, the liquid crystal
molecules 152 are arranged substantially perpendicular to
the first substrate 110. In FIG. 3, the critical voltage was
applied to the third pattern electrode PE3, and the critical
voltage 1s, for example, 5V. A voltage of 2.5V was applied
to the second pattern electrode PE2. According to the
increase in the voltage applied to the first through fourth
pattern electrodes PE1 through PE4, the retardation of
incident light 1s increased, and accordingly, a phase of the
light incident onto the corresponding pattern electrodes 121
may be retarded. When the liqud crystal molecules 152 are
arranged substantially perpendicular to the first substrate 110
as a result of applying a critical voltage to a corresponding
pattern electrode, the phase retardation of the light incident
onto the corresponding electrode region may be 2.

As the voltage applied to the first through fourth pattern
clectrodes PE1 through PE4 1s increased, the magnitude of
retardation of light 1s increased. An optical path conversion
surface CF1 1s formed 1n a predetermined region (1n FIG. 3,
in three pattern electrode regions). That 1s, a pseudo prism

may be formed. An arrangement of a plurality of such
pseudo prisms 1s repeated along the first direction (the x
direction) of the liquid crystal light deflector 100. The
number (m number) of pattern electrodes 121 that form a
single pseudo prism may vary according to the voltages
applied to the pattern electrodes 121. That 1s, when OV and
a critical voltage of 5V are applied to two adjacent pattern
clectrodes 121, a single pseudo prism 1s formed per the two
pattern electrodes 121. That 1s, an optical path conversion
surface CF2, which 1s indicated by the alternated long-and-
short dashed line, 1s formed per the two pattern electrodes
121. Here, m 1s an 1mteger and may be one of 2 to n. Here,
n 1s an iteger, and as described below, the n number of
pattern electrodes 121 configure a single unit electrode.
When multiple voltages are applied to the first through
tourth pattern electrodes PE1 through PE4, that 1s, OV, 5/3V,
10/3V, and 5V are respectively applied to the first through
fourth pattern electrodes PE1 through PE4, a single optical
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path conversion surface CF3 (alternate long and two short
dashed line in FIG. 3) per the four pattern electrodes 1is
formed.

That 1s, when the voltage application to the m pattern
clectrodes 121 1s increased from OV, applied to a first
clectrode, to the crnitical voltage (5V), applied to an m
clectrode, a single pseudo prism may be formed on the
regions of the m pattern electrodes 121.

A laser beam LB incident onto the first substrate 110 1s
deflected at the optical path conversion surfaces CF1
through CF3 and 1s emitted. The laser beam LB may be one
of red light, green light, and blue light. Refractive indexes of
the optical path conversion surfaces CF1 through CF3 may
be controlled by controlling the voltages applied to the
pattern electrodes 121, and thus, an emission angle of light
passing through the liquid crystal layer 150 may be con-
trolled. That 1s, since the optical path of light 1s converted by
the voltages applied to the pattern electrodes 121, the pattern
clectrodes 121 may perform a light deflection function.
When the light deflection function of the pattern electrodes
121 1s used, the red light, green light, and the blue light may
all be emitted in the same direction.

FIG. 4 1s a plan view showing an arrangement of pattern
clectrodes 121 of the first electrode layer 120 of the liquid
crystal light deflector 100 according to an exemplary
embodiment. For convenience of explanation, certain ele-
ments are not 1llustrated.

Retferring to FIG. 4, the first electrode layer 120 may
include a plurality of pattern electrodes 121. The pattern
clectrodes 121 may be divided into a plurality of, for
example, 10 electrode units. Each of the electrode units may
include 720 pattern electrodes. The 720 pattern electrodes
may correspond to 720 channels of a driving integrated
circuit (IC) used 1 a comnected electronic device, for
example, a holographic display. If a driving IC includes
1024 channels, each of the electrode units may include 1024
pattern electrodes. Heremaiter, a case of the first electrode
layer 120 including 7,200 pattern electrodes will be
described as an example.

In the liquid crystal light deflector 100 according to the
current exemplary embodiment, the pattern electrodes 121
cach have a small width, that 1s, approximately 2 um, thus
the light deflection angle 1s increased, and since the number
of pattern electrodes 121 included in single electrode unit
region 1s increased, the resolution of a display apparatus that
employs the liquid crystal light deflector 100 1s increased. In
the current exemplary embodiment, the use of 10 electrode
units 1s to increase the incident ethiciency of a laser beam
incident onto the liquid crystal light deflector 100 by making
a diameter of the laser beam as big as 14 mm. That 1s, when
720 pattern electrodes, each having a width of 2 um, are used
in the first electrode layer 120, then a length of the first
clectrode layer for incident light 1s 1.4 mm, and the number
of wave guides to be used 1s 10 times greater than a case 1n
which the diameter of the laser beam 1s 14 mm. When 10
clectrode units are used as 1n the current exemplary embodi-
ment, the diameter of a laser beam incident onto the first
clectrode layer 120 may be increased, and accordingly, the
number of wave guides required for reducing the laser beam
1s reduced, thereby increasing the efliciency of using a laser
beam.

In FIG. 4, for convenience of explanation, it 1s depicted
that the first electrode layer 120 includes first through third
clectrode units EU1 through EU3, each including three
pattern electrodes 121.

The 1,, pattern electrodes 121 of each of the first through
third electrode units EU1 through EU3 are electrically
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connected to each other by an 1, line electrode LE. Three
black circles connected to the 1, line electrode LE indicate
via metals (refer to 220 of FIG. 3SD) that connect the 1,,
pattern electrodes 121 and the 1., line electrode LE.

One of the 10 pattern electrodes 121 connected to the 1,,
line electrode LE includes an extension unmit 122 for con-
necting to the outside. That 1s, the first electrode layer 120
includes 720 extension umts 122. The extension units 122
may be arranged with a constant spacing therebetween. For
example, the extension units 122 may be arranged with a
distance of ten pattern electrodes 121 (20 um) therebetween.
In this case, the extension units 122 of the first unit electrode
EU1 may be the 1st, 11th, 21th, . . . 711th extension units
122 of the pattern electrodes 121, and the extension units
122 of the second unit electrode EU2 may be the 2nd, 22nd,
32nd, . .. 712th extension units 122 of the pattern electrodes
121. In this manner, 720 extension units 122 may be formed.

Each of the extension units 122 1s connected to a corre-
sponding electrode pad EP. That 1s, there are 720 electrode
pads EP. The electrode pads EP may include a metal, for
example, Mo.

The electrode pads EP are bonded to a driving 1C 125.
Circles on the electrode pads EP indicate electrical connec-
tion units connecting the electrode pads EP to the driving IC
125. The circles are regions where an anisotropic conductive
film bonding 1s performed through a second via hole H2 of
FI1G. SE, which will be described below.

A voltage may be individually applied to each of the 720
line electrodes LE through the 720 electrode pads EP. As a
result, a desired voltage may be applied to the 720 pattern
clectrodes 121 in each of the electrode units. Accordingly,
light deflection may be performed by forming an electrical
pseudo prism of a desired size 1n each of the electrode units.

FIGS. 5A through SE are cross-sectional views for
explaining a method of connecting the pattern electrodes
121 and the electrode pads EP of the liquid crystal light
deflector 100 according to an exemplary embodiment. Like
reference numerals are used to indicate elements that are
substantially identical to the elements of FIGS. 1 and 4.

Referring to FIG. 5A, after coating the first substrate 110
with an I'TO material, a plurality of pattern electrodes 121
are formed by patterning the ITO material. The number of
the pattern electrodes 121 may be 7,200. During the pat-
terming, 720 extension units 122 are formed to be extended
from 720 selected pattern electrodes 121. The extension
units 122 may be formed with equidistant intervals therebe-
tween. The extension units 122 may be arranged with a
distance of approximately 20 um therebetween. A pitch of
the pattern electrodes 121 1s 2 um, and a stepper equipment
(hereimaftter, “a stepper”) that may etch the I'TO matenial to
less than 1 um 1s used for patterming of the pattern electrodes
121.

Referring to FIG. 5B, electrode pads EP contacting the
extension units 122 are formed on the first substrate 110. The
clectrode pads EP may include Mo. At this point, an aligner
equipment (hereinatfter, “an aligner”) may be used. Since the
critical line width of the aligner 1s approximately 5 um, the
aligner may be used for forming the electrode pads EP with
a distance of 20 um therebetween.

Referring to FIG. 5C, an msulating layer 210 covering the
pattern electrodes 121 and the electrode pads EP 1s formed
on the first substrate 110. The sulating layer 210 may
include silicon oxide.

First via holes H1 that expose the extension units 122 are
formed 1n the insulating layer 210. Ten first via holes H1 that
expose the 1, pattern electrodes 121 1n each of the electrode
units are arranged linearly.
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Reterring to FIG. 5D, the first via holes H1 are filled with
a via metal 220, and 1, line electrodes LE that connect the
corresponding via metal 220 are formed on the insulating
layer 210. 720 line electrodes LE that are parallel to each
other are formed. The line electrodes LE are formed to
perpendicular to the pattern electrodes 121.

Referring to FIG. SE, second via holes H2 that expose the
clectrode pads EP are formed in the msulating layer 210.
Next, the electrode pads EP and a driving IC 1235 are
connected by using an anisotropic conductive film bonding
method. A voltage applied from the driving IC 1s applied to
the corresponding 1., pattern electrodes 121 of each of the
clectrode units through the corresponding electrode pad EP
and the extension units 122.

Hereinatter, a method of manufacturing the liquid crystal
light deflector 100, according to an exemplary embodiment,
1s described with reference to FIGS. 1 through 5.

First, a first substrate 110 1s prepared. The manufacturing
process of the first electrode layer 120 and the electrode pads
EP on the first substrate 110 1s described with reference to
FIGS. SA through SE.

The first electrode layer 120 1s formed on the first sub-
strate 110. The first electrode layer 120 includes a plurality
of pattern electrodes 121 and extension units 122. The line
clectrodes LE1 through LE3 are formed above the pattern
electrodes 121, and the electrode pads EP are connected to
the extension units 122. The driving IC 125 1s connected to
the electrode pads EP by using an anisotropic conductive
film bonding method.

Next, the first alignment layer 130, having a plurality of
concave portions 132 therein, 1s arranged on the first elec-
trode layer 120.

A second substrate 160 1s prepared separately from the
preparation of the first substrate 110. The second electrode
layer 170 1s arranged on the second substrate 160, and the
second alignment layer 180, having a plurality of concave
portions therein, 1s arranged on the second electrode layer
170.

A plurality of spacer balls are distributed on the first
substrate 110. Next, the prepared second substrate 160 1s
arranged on the spacer balls.

The liguid crystal layer 150 1s formed by injecting the
liguid crystal molecules 152 between the first alignment
layer 130 and the second alignment layer 180. As a result,
the liquid crystal light deflector 100 according to the current
exemplary embodiment 1s manufactured.

In a liquid crystal light deflector according to the current
exemplary embodiment, concave portions are formed on a
surface of a first alignment layer 1n a direction (a second
direction—y direction) perpendicular to an arrangement
direction (a first direction—the x direction) of pattern elec-
trodes, and thus, liquid crystal molecules are arranged 1n the
second direction (the y-direction). Accordingly, the liquid
crystal molecules move 1nto a position 1 which they are
aligned substantially perpendicularly with respect to the first
substrate according to a voltage applied to the pattern
clectrodes of the first electrode layer, and as a result, a phase
modulation occurs. Transparency with respect to incident
light 1s maintained constant 1n a phase modulation process.

Also, since a width of the pattern electrodes 1s small, a
deflection angle of the liquid crystal light deflector accord-
ing to the current exemplary embodiment may be increased.

Also, due to the increased number of pattern electrodes, a
resolution of a display apparatus that employs a light deflec-
tor according to the current exemplary embodiment may be
increased. Also, since the liquid crystal layer has a small
thickness, a slim light deflector may be manufactured.
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Also, since a plurality of electrode units, each including a
plurality of pattern electrodes are arranged to receive inci-
dent laser beam, a light width of the incident laser beam to
a first electrode layer 1s kept wide, and thus, efliciency of
using the laser beam may be increased.

While one or more exemplary embodiments have been
described with reference to the figures, 1t will be understood
by those of ordinary skill in the art that various changes in
form and details may be made therein without departing
from the spirit and scope as defined by the following claims.

What 1s claimed 1s:

1. A liguad crystal light deflector comprising:

a first electrode layer disposed on a first substrate, the first
clectrode layer comprising a plurality of pattern elec-
trodes arranged with a constant pitch in a first direction;

a first alignment layer that covers the first electrode layer
and comprises a plurality of concave portions formed 1n
an upper surface thereol, wherein the plurality of
concave portions extend parallel to a second direction,
perpendicular to the first direction;

a liquid crystal layer disposed on the first alignment layer,
wherein the liquid crystal layer comprises a plurality of
liquid crystal molecules, each having a long diameter
oriented 1n the second direction;

a second electrode layer disposed on the liquid crystal
layer, wherein the second electrode layer 1s a common
electrode:

a second substrate disposed on the second electrode layer;
and

a plurality of electrode pads,

wherein each electrode pad from among the plurality of
clectrode pads 1s electrically connected to a predeter-
mined number of pattern electrodes from among the
plurality of pattern electrodes,

wherein each electrode pad from among the plurality of
clectrode pads 1s electrically connected to at least two
of the plurality of pattern electrodes, and

wherein each pattern electrode connected to a first elec-
trode pad from among the plurality of electrode pads 1s
separated from each other pattern electrode connected
to the first electrode pad such that at least one pattern
clectrode that 1s not connected to the first electrode pad
1s positioned therebetween.

2. The liqmd crystal light detlector of claim 1, further

comprising:

a second alignment layer disposed on a surface of the
second electrode layer facing the first substrate,

wherein the second alignment layer comprises a plurality
of concave portions formed therein, wherein the plu-
rality of concave portions of the second alignment layer
extend parallel to the second direction.

3. The liquid crystal light deflector of claim 1, wherein
cach pattern electrode from among the plurality of pattern
clectrodes has a substantially same wadth.

4. The liquid crystal light deflector of claim 1, wherein the
plurality of liquid crystal molecules are positive liquid
crystal molecules and the plurality of liquid crystal mol-
ecules move 1nto an orientation in which the long diameter
1s oriented 1n a direction substantially normal to a plane of
the first substrate according to a voltage applied to the
plurality of pattern electrodes.

5. The liquid crystal light deflector of claim 4, wherein, in
the liquid crystal layer, the voltage applied to the pattern
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clectrodes forms an optical path conversion surface which
controls an output direction of a laser beam incident onto the
first electrode layer.

6. A liquid crystal light deflector comprising:

a first electrode layer disposed on a first substrate, the first
clectrode layer comprising a plurality of pattern elec-
trodes arranged with a constant pitch in a first direction;

a first alignment layer that covers the first electrode layer
and comprises a plurality of concave portions formed 1n
an upper surface thereof, wherein the plurality of
concave portions extend parallel to a second direction,
perpendicular to the first direction;

a liquid crystal layer disposed on the first alignment laver,
wherein the liquid crystal layer comprises a plurality of

liquid crystal molecules, each having a long diameter
oriented 1n the second direction;

a second electrode layer disposed on the liqud crystal
layer, wherein the second electrode layer 1s a common
electrode; and

a second substrate disposed on the second electrode laver,

wherein the first electrode layer comprises a plurality of
clectrode units, wherein each of the plurality of elec-
trode units comprises n pattern electrodes including an
1, pattern electrode electrically connected to 1, pattern
clectrodes of each other of the plurality of electrode
units.

7. The liguid crystal light deflector of claim 6, wherein n
1s one of 720 and 1024, and a number of the plurality of
clectrode units 1s 1 a range from 7 to 10.

8. The liqud crystal light deflector of claim 6, further
comprising n line electrodes including an 1, line electrode
which 1s electrically connected to the 1., pattern electrode of
cach of the plurality of electrode unaits.

9. The liquid crystal light deflector of claim 8, wherein
cach of the n line electrodes 1s arranged 1n parallel to the
second direction.

10. The liquid crystal light deflector of claim 9, further
comprising n electrode pads,

wherein one of the 1, pattern electrodes of the plurality of
clectrode units comprises an extension unit, and

wherein the extension unit 1s electrically connected to one
corresponding electrode pad of the n electrode pads.

11. The liquid crystal light deflector of claim 10, wherein
the n electrode pads are spaced at substantially equidistant
intervals.

12. The liquid crystal light deflector of claim 10, further
comprising;

an msulating layer disposed on the plurality of pattern
electrodes;

a plurality of first via holes formed 1n the msulating layer
in positions respectively corresponding to positions of
the 1, pattern electrodes of each of the plurality of
electrode unaits;

wherein a via metal {ills each of the plurality of first via
holes,

wherein the 1, line electrode 1s disposed on the msulating
layer, and 1s connected to the via metal.

13. The liquid crystal light deflector of claim 12, wherein
the 1nsulating layer covers the n electrode pads, a plurality
of second wvia holes are formed in the insulating layer in
positions respectively corresponding to positions of the n
clectrode pads, and the n electrode pads are electrically
connected to a driving integrated circuit (IC) through the
plurality of second via holes.
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